Abstract. The influence of courtyard on the thermal performance of Development Department office building in University Malaysia Perlis (UniMAP, Pauh Putra campus) is investigated through simulation study for the effect of ventilation on indoor air temperature and relative humidity of the building. The study is carried out using EnergyPlus simulator interface within OpenStudio and SketchUp plug in software to measure both of air temperature and relative humidity hourly on 21 April 2017 as a design day. The results show that the ventilation through the windows facing the courtyard has sufficient effect on reducing the air temperature compared to the ventilation through external windows since natural ventilation is highly effective on driving the indoor warm air out to courtyard. In addition, the relative humidity is reduced due to ventilation since the courtyard has high ability to remove or dilute indoor airborne pollutants coming from indoor sources. This indicates that the presence of courtyard is highly influential on thermal performance of the building.
Introduction
The increment in human activities and industrial revolution leads to sharp changes in the ecosystem and accordingly in climate due to the incredibly increase in earth temperature, which in turn causes global warming phenomena. Building sector consumes about 40% of total energy in the world, moreover, the office type of buildings required 50% of total energy consumption of non-residential buildings since many persons are existed in limited zone in the same time [1] . The continued increases in global warming and energy consumption required to apply sustainable concepts in order to reduce their effect in daily life. Applying sustainable concepts in buildings considered one of main approaches to maintain energy consumption [2] . Many solutions have been proposed to improve the thermal comfort of buildings in hot humid areas. Among of them, introducing courtyard to buildings enhances the thermal performance for the building's interior due to its impact on the passive cooling [3] .
There are many reports reveal that using internal courtyard helps the air to flow within the interior spaces of the building and it also helps getting rid of the hot air inside the building [4] .
The courtyard building architecture form enhances the thermal performance of the building by natural ventilation due to shade creating [5] . However, constructing appropriate openings in both sides of the adjacent spaces for courtyard can enhance the natural ventilation, which in turn improves the thermal performance [6] [7] .
[8] studied the effect of natural ventilation in office building in hot-humid climate and reported that the thermal condition of the spaces increases, and the occupants feel comfort when the wind speed higher than 0.1 m/s, so to get better results, one has to use the natural ventilation when the outdoor temperature is lower than indoor temperature. Courtyard had been used as a part of buildings in different countries located in hot-humid areas such as China and India [9] , however, it still not common in Malaysia. In this work, a simulation study for the effect of natural ventilation due to internal courtyard in an existence office building in Malaysia on its thermal performance.
Case Study Descriptions
In this work, Development Department building in University Malaysia Perlis (UniMAP) that is located in Pauh Putra campus has been taken as a case study. It has central rectangular courtyard with a dimension of 14.9  26.1 m 2 and all offices and meeting rooms surrounding it. Fig. 1 2 , respectively. Regarding to the weather conditions, Malaysia is considered a high humidity region and the humidity slightly varies along the country, the average value of humidity is within the range of 70% -90%. On the other hand, the average temperature is within the range of 29 C to 34 C [5] . 
Methodology
The Development Department building has rectangular courtyard with offices surrounding it which are set as four thermal zones as shown in Fig. 1 . The two dimensional plan for the building is drawn using AutoCAD, then the three dimensional model for the building has been built using SketchUp with OpenStudio software. The model construction is set based on the materials for the exiting building, and then the internal heat loads for building including people, lights and electric equipment are scheduled, moreover, the ventilation system is activated. Before the model is simulated using EnergyPlus simulator, the climate file for Malaysia that was obtained from US DOE website in EPW format was imported to the software in order to set all environmental conditions, then the design day from DDY file was also imported, where 21 April 2017 is selected to be the design day in this study. After that, the physical output quantities, particularly the air temperature and relative humidity are specified and set to be measured hourly.
Results and discussions
Fig . 2 shows the hourly changing in indoor air temperature for the adjacent zones to the courtyard on 21 April 2017 design day with and without ventilation. The results show that for all cases opening the windows after midnight until early morning, particularly, from 12:00 am to 8:00 am has unnoticeable effect on the interior air temperature since the outdoor air temperature is very close to the indoor air temperature. However, starting from 9:00 am until 11:00 pm, the ventilation through windows is more effective. In all cases the nature ventilation through windows reduces the air temperature for the interior zones, indicating that the thermal performance of the building is enhanced. From Fig. 2 , it can be observed that the ventilation through the external windows slightly reduces the air temperature for the interior spaces of the building compared to the case where all windows are closed. For instance, the maximum air temperature difference between the case of ventilation through external windows and the case of no ventilation for the east zone is recorded at 10:00 am and it is 0.49 C.
A lower interior air temperature has been obtained due to ventilation through the windows that are facing the courtyard compared to the case of ventilation through external windows. For example, the maximum air temperature difference between the case of ventilation through the windows on courtyard and the case of no ventilation for the east zone is also recorded at 10:00 am and it is 1.56 C, which is triple the air temperature difference obtained in case of external windows ventilation. The better performance of ventilation through windows on courtyard can be explained as follows: courtyard acts as an air tube that let out the internal air into sky due to the deference of air density between indoor and outdoor and this mechanism is called the stack driven ventilation [10] .
The lowest indoor air temperature is obtained for the case when all windows of the building are opened. For instance, the maximum air temperature difference between the case of ventilation through all windows and the case of no ventilation for the east zone is also recorded at 10:00 am which is 1.71 C. The large air temperature difference for ventilation through all windows is due to the existence of opposite sides window, which creates path for the air through the building, hence, better natural ventilation circulation that minimize indoor air temperature and enhancing thermal performance of the building. This ventilation mechanism is called cross driven ventilation [10] .
It is interesting to mention here that ventilation through the windows facing the courtyard has very close results to the cross ventilation case. This implies that the presence of courtyard is highly effective on thermal performance of the building resultant due to nature ventilation. In addition, it is important to clarify here that due to non-presence of windows on the courtyard for south zone in the building, no stack and cross ventilation values for the indoor air temperature are recorded in this zone.
[11] studied the performance of courtyard of a single story building in hot-humid area and they found that creating openings for the building on the courtyard effects on airflow, hence, improves of the thermal behavior of the interior zone, which is in line with our results. Another study by [10] reported the effect of natural ventilation strategies on thermal behavior of existing school building with a courtyard in Italy and they concluded that all ventilation strategies enhance the thermal comfort for the indoor zones of building. Additionally, the cross ventilation gives better results compared to stacks driven ventilation strategy which is similar to our findings for hot-humid climate. The results show that the relative humidity for the building is quite high and reaches to 100% at most of the measurement time for the case without ventilation. This is attributed to presence of the electrical equipment loads and light loads in addition the occupants who are using the building as set earlier. The existence of all these type of loads, especially human factor, increases the amount of moisture for the indoor air that in turn increases the relative humidity.
It is also observed that the relative humidity for the case without ventilation of the north zone during the period between 2:00 am and 7:00 am has lower values compared to the other zones Relative Humidity (%) Relative Humidity (%) within this duration of time. This is due the higher air temperature measured for this zone compared to the other zones at these times as shown in Figure 2 , which it is inversely proportional to the relative humidity [12] . In all zones, the nature ventilation through windows reduces the relative humidity for the interior zones, indicating that the thermal comfort of the building is enhanced. For instance, the relative humidity for the north zone drop from 100% to 81% at 12:00 am due to the natural ventilation then it increases gradually with the time and reaches to 100% again at 3:00 pm. The drop in humidity values at night. Hence, it flows into the adjacent interior areas and drives the warm air out of these areas, which in turn intends to remove or dilute indoor airborne pollutants concentration that are coming from indoor sources. This reduces the level of contaminants and improves indoor air quality [13] . Same drop in relative humidity values is also noticed after 7:00 pm for all zones.
It is important to mention here that in this experiment stack driven ventilation is considered for north, east and west zones since its high efficiency compared to the other ventilation types as discussed in Fig. 2 , while ventilation through external windows for south zone is considered since it is the only ventilation possible for this zone. Therefore, higher drop difference in relative humidity is observed for north, east and west zones compared to the one obtained for the south zone as illustrated in Fig. 3(d) .
Conclusions
This paper introduces a simulation study for the influence of natural ventilation due to the central courtyard at Development Department building in University Malaysia Perlis (UniMAP, Pauh Putra campus) using EnergyPlus software. The interior air temperature and relative humidity for the building have been measured hourly for the design day of 21 April 2017. It has been found that the presence of courtyard is highly effective on reducing both of indoor air temperature and humidity due to the natural ventilation through the windows that are facing it. Where ventilation through windows allows the warm indoor air to be released at the adjacent zones at the courtyard, which in other way reduces the air temperature. Additionally, it helps to remove or dilute indoor air pollutants that are originate from indoor sources.
